Introduction
============

The pathogenesis of psoriasis vulgaris, a chronic, inflammatory skin disorder, is far from being elucidated. It is considered a multifactorial disease, involving the interaction of immune mediated processes, genetic background and environmental factors ([@b1-etm-0-0-7596],[@b2-etm-0-0-7596]). In response, a series of changes will appear: dilated capillaries in the dermis due to enhanced angiogenesis, hyperproliferation and impaired differentiation of keratinocytes, increased level of inflammatory cells predominantly with dermal infiltration. A major role is played by T lymphocytes and their corresponding cytokines, among them tumor necrosis factor-α (TNF-α), which is a targeted molecule for several biological treatments in psoriatic patients ([@b3-etm-0-0-7596],[@b4-etm-0-0-7596]). Drug treatment in psoriasis is long-lasting, designed to control the disease without providing complete healing. For moderate or severe forms with no response to conventional treatments (acitretin, methotrexate), the only therapeutic option remains biological treatment, a costly variant whose long-term adverse effects are not yet fully known ([@b5-etm-0-0-7596]--[@b7-etm-0-0-7596]).

In earlier phases of psoriasis, it seems that proliferation of endothelial cells and angiogenesis are caused by the vascular endothelial growth factor (VEGF) synthetized at keratinocyte level under the influence of TNF-α ([@b8-etm-0-0-7596]). Also, the other chemokines produced will lead to the infiltration of neutrophils in the epidermis. In chronic lesions, the proliferation of keratinocytes is increased, due to the enhanced production of cytokeratin (CK6, CK16 and CK17) ([@b9-etm-0-0-7596]). Prolactin (PRL), a polypeptide hormone and a member of type I cytokines has been previously mentioned as having a role in psoriasis pathogenesis: it has a stimulatory effect upon keratinocyte proliferation, it may promote angiogenesis and the infiltration of psoriatic plaque with Th1 cells ([@b10-etm-0-0-7596],[@b11-etm-0-0-7596]).

The study had a 2-fold purpose. First, to investigate the expression of TNF-α, vascular endothelial growth factor receptor 2 (VEGFR2) and prolactin receptor (PRLR) in psoriatic lesion and perilesional skin of untreated patients by immunohistochemical analysis. Second, to assess the correlation of these factors with psoriasis duration and severity.

Patients and methods
====================

This cross-sectional study included 19 psoriasis vulgaris patients, age range 18--80 years, with no topical or systemic treatment for the last 3 months. The study protocol was approved by the Ethics Committee of 'Iuliu Haţieganu' University of Medicine and Pharmacy (300/28.07.2014; Cluj-Napoca, Romania), and all the patients signed the informed consent prior to enrolment. Demographical data were collected: age, sex, age of onset and duration of psoriasis. Psoriasis Area Severity Index (PASI) score was calculated based on the lesion aspect and used for assessing the severity of the disease. It is an objective method that includes both the severity and the extent of the lesions. It is calculated at the level of 4 regions: head, trunk, upper limbs, and lower limbs, each being assigned a certain coefficient and an extension degree from 0 (without lesions) to 6 (lesions \>90% of the surface). In terms of lesion appearance, for each of the 3 elements: redness, induration and scales, a score of 0 (without lesions) to 4 (maximum intensity) is given. The maximum score is 72. The PASI score is also used in assessing the effectiveness of biological treatments. PASI 75 or PASI 90 is the decrease by 75 or 90% of the score from the calculated value before the treatment administration ([@b12-etm-0-0-7596]).

Exclusion criteria: psoriatic patients with other type of psoriasis than plaque and patients with concomitant systemic or topical treatment.

Two 4 mm punch biopsy specimens were obtained from the thigh region of each patient with local anaesthesia: one sample from psoriatic plaque, the other from perilesional skin (up to 2 mm from the lesion).

Biopsies were fixed in (10%) neutral buffered formaldehyde (NBF) overnight, following automatic processing and embedding in paraffin, sectioned at 5--7 µm using a rotary microtome. The 5-µm sections from the paraffin blocks were prepared and stained in hematoxylin and eosin for histopathological examination. For immunohistochemical examination, 3 sections of 7 µm thickness from all paraffin block samples were drawn on silane-coated slides. The lamellae were incubated and prepared for each investigated factor. For immunohighlighting of TNF-α, a rabbit polyclonal anti-human TNF-α antibody (sc-130349; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) was used as primary antibody. For PRL receptor, the cutaneous tissue was incubated with mouse monoclonal antibodies against human prolactin receptor (ab2772; Abcam, Cambridge, UK), while for VEGF receptor the samples were incubated with rabbit monoclonal antibodies against human VEGFR2 (ab39638; Abcam). The immunohistochemistry protocol was performed automatically with the Leica Bond-Max system (Leica Biosystems, Ltd., Newcastle, UK), using a 20-min thermal-mediated antigenic display. The reaction was highlighted using the Bond Polymer Refine Detection kit (DS9800; Leica Biosystems Inc.) detection kit which includes 3,3′-diaminobenzidine-tetrahydrochloride-dihydrate (DAB) as a final marker molecule. Blocking of the endogenous peroxidase activity was achieved for 5 min at 37°C using the 3--4% peroxide block reagent included in the Bond Polymer Refine Detection kit. Histopathological and immunohistochemical determinations were carried out in cooperation with the Department of Pathological Anatomy, University of Agricultural Sciences and Veterinary Medicine, Faculty of Veterinary Medicine (Cluj-Napoca, Romania).

### Quantification protocol

The immunohistochemically marked preparations, corresponding to the two types of skin samples, were examined in each patient. For every slide, 5 microscopic fields were examined and a semi-quantitative recording was made for both, the number of positively stained cells (keratinocytes, lymphocytes, endothelial cells and fibroblasts) and the intensity of the immunostaining was as follows: the number of positive cells was evaluated with a score of 0 to 6 (0, no positive cells; 1, 1--5 positive cells; 2, 6--10 positive cells; 3, 11--50 positive cells; 4, 51--100 positive cells; 5, 101--150 positive cells; 6, more than 150 positive cells); the intensity of immunostaining was graded on a scale from 0 to 3, where 0, no staining; 1, mild staining; 2, moderate intensity; and 3, maximum intensity. To calculate the overall score for each analyzed microscopic field, the score for the positive cell number was multiplied by the corresponding score for intensity of immunostaining. For each patient, a maximum, a median and a minimum immunostaining score were then calculated ([@b13-etm-0-0-7596],[@b14-etm-0-0-7596]).

### Statistical analysis

For each microscopic field of the two skin samples, the maximum, the minimum and the average values of the overall intensity score were calculated. Distribution (normality) of the scale variables was evaluated and the non-parametric test (Wilcoxon) was applied to test the difference between the two tegument samples. Spearman correlation coefficient was performed in order to evaluate the correlation between the calculated difference in the two samples (between the maximum, the minimum and the average scores) and severity of disease (PASI score). Also, the correlation between TNF-α and other non-normally distributed variables was assessed by the alike Spearman\'s rank correlation. P-value \<0.05 was considered to indicate a statistically significant difference. A manually conducted Bonferroni correction was used for repetitive comparisons. Analyses were run in SPSS 17.0 (SPSS, Inc., Chicago, IL, USA).

Results
=======

The demographic and clinical data of the psoriasis patients are presented in [Table I](#tI-etm-0-0-7596){ref-type="table"}.

The histopathological examination of the biopsy samples revealed differences in structure between psoriatic lesion and perilesional skin, as presented in [Fig. 1](#f1-etm-0-0-7596){ref-type="fig"}.

Immunohistochemistry
--------------------

### TNF-α

The number of TNF-α positive cells and the intensity of immunostaining were higher in psoriatic plaque. Also, a different distribution of these cells was observed between the two types of skin samples. Thus, the expression of the molecule in psoriatic plaque was increased in the dermal lymphocytes, especially perivascular, and in the epidermal keratinocytes. Regarding the distribution of these cells in the epidermis, for the perilesional skin sample, TNF-α immunostaining was predominant in the basal layer keratinocytes, while for psoriatic plaque, all the keratinocytes layers were positively marked for the molecule: the expression was generally stronger at the base, with the tendency of decreasing in the upper layers ([Figs. 2](#f2-etm-0-0-7596){ref-type="fig"}--[4](#f4-etm-0-0-7596){ref-type="fig"}).

### VEGFR2 and PRLR

The immunostaining for VEGFR2 and PRLR revealed positively marked cells in the basal keratinocytes of the epidermis (VEGFR2) and in the sweat glands or the hair follicle outer sheath (PRLR). Our results do not reflect significant differences between the two types of skin samples.

The limited number of positive samples for VEGFR2 and PRLR provided insufficient data for the statistical analysis.

The statistical analysis of TNF-α calculated scores revealed a significant difference between the intensity of the immunostaining in the two types of skin samples ([Fig. 5](#f5-etm-0-0-7596){ref-type="fig"}).

When testing the correlation of the differences between the maximum, the minimum and the average scores from the two skin samples with the overall PASI score (reflecting the severity of disease), no significant statistical data were obtained. However, in patients with a moderate form of psoriasis, PASI score under 15, a positive significant correlation was found ([Table II](#tII-etm-0-0-7596){ref-type="table"}).

Regarding the sex of the patients, the difference between the maximum, the average and the minimum intensity of immunostaining for TNF-α in perilesional skin vs. psoriatic plaque was positively correlated with the disease severity only in women, at a significance threshold level of 10% (0.1\>P\>0.05). No correlation was found in men. The abve parameters were positively correlated with the PASI score only in patients with the onset of disease over the age of 40 ([Table II](#tII-etm-0-0-7596){ref-type="table"}).

In perilesional skin compared to psoriatic plaque, the difference between the maximum, the average and the minimum intensity score of immunostaining was neither correlated with the duration of disease nor with the patients\' age ([Table III](#tIII-etm-0-0-7596){ref-type="table"}).

Based on a 1.59 difference in immunostaining score between psoriasis plaque and perilesional skin, for a confidence interval of 95% (estimating threshold for α-type error), a minimum of 80% power of tests (estimating threshold for β-type error), we calculated a minimum required sample size of 70 patients to be included in the final study.

Discussion
==========

Tumor necrosis factor-α represents a major mediator in the pathogenesis of psoriasis, inducing effects ranging from inflammation to apoptosis. As proved by several studies, TNF-α levels seem to be elevated both locally and in the serum ([@b15-etm-0-0-7596]--[@b19-etm-0-0-7596]). The results of this study are based on the semi-quantitative assessment of positive cells and suggest that the differences between plaque psoriasis and perilesional skin are significant (P\<0.05). We have detected an increased expression of TNF-α in psoriatic skin, an aspect consistent with literature data. Johansen *et al* ([@b17-etm-0-0-7596]) have described, by using quantitative methods, a higher level in psoriasis plaque, compared to normal skin. The study conducted by Kristensen *et al* revealed a more important immunostaining of psoriasis plaque, over unaffected skin ([@b20-etm-0-0-7596],[@b21-etm-0-0-7596]). The same authors described a different distribution of immunostaining in the two skin samples: in perilesional skin in the keratinocytes of the basal layer, while in psoriatic lesion a more intense staining was observed, with the presence of positively marked cells also in the superficial layers. Our results confirm the same distribution, but positively-marked cells (lymphocytes) were also found in the superficial dermis, especially perivascular. We also obtained a higher score for immunostaining in areas with significant acanthosis.

Moorchung *et al* ([@b16-etm-0-0-7596]) revealed an inverse correlation between the immunostaining for TNF-α and the degree of epidermal hyperplasia. In literature, a positive correlation was mentioned between the presence of positive TNF-α cells in psoriasis plaque and the severity of the disease, but further details were not provided ([@b22-etm-0-0-7596]). The results of this study, based on the differences in the maximum, mean and minimum immunostaining scores between the two types of skin samples, indicate a positive correlation of the TNF-α staining with the clinical severity score in patients with the moderate form of psoriasis (PASI \<15). Thus, for lower PASI values, we found a relatively uniform immunostaining in the two areas. The more the clinical aspect of the disease is significant, the better the immunostaining is marked in the psoriasis plaque. In this study the correlation was not preserved in severe forms of psoriasis. A possible explanation is that the age of the plaque may affect immunostaining, but a study with a larger sample size could confirm this hypothesis.

We have also verified the correlation between the duration of the disease and the differences in the maximum, mean and minimum immunostaining scores between the two types of skin samples. A significant positive correlation was found in patients with onset over the age of 40, classified as type II psoriasis patients. Literature data were not available for immunohistochemical studies, but we found immunocytochemistry studies that mention a higher density of CD4^+^ lymphocytes in the psoriasis plaque of the patients with onset over the age of 40, as compared to patients with an earlier onset ([@b23-etm-0-0-7596]). Sidhom *et al* ([@b22-etm-0-0-7596]) reported, the expression of TNF-α was increased in patients with a long history of psoriasis. This correlation was tested on our study data, but no statistically significant result was found.

Besides the TNF-α involvement in psoriasis pathogenesis, newly discovered factors also play a key role. It is still under question if in psoriasis patients, the skin first changes at the epidermal or dermal level, due to the fact that vascular proliferation has an important role in the pathogenesis of the disease, leading to epidermal changes ([@b24-etm-0-0-7596],[@b25-etm-0-0-7596]). An increased level of VEGF, mediator of angiogenesis, has been found in the blood and skin of patients with psoriasis vulgaris ([@b20-etm-0-0-7596],[@b26-etm-0-0-7596]). Increased expression of VEGF and VEGF receptors was revealed in plaque psoriasis as compared to unaffected skin ([@b27-etm-0-0-7596]). In the present study, only in two cases, positive cells were identified in the keratinocyte cells of the basal layer. Thus, it was not possible to define a pattern of immunostaining and establish a correlation with the immunostaining for TNF-α.

A possible role of prolactin has been brought to the forefront as its expression was proven in plaque psoriasis, but not in uninvolved skin ([@b11-etm-0-0-7596]). Furthermore, a higher level of the hormone was found in the serum of psoriasis patients, as compared to control group ([@b28-etm-0-0-7596]--[@b30-etm-0-0-7596]). In the present study, the PRL receptor was highlighted at the level of the sweat gland cells and external hair follicles, both in perilesional skin and in psoriatic plaque, but the limited number of positive samples for PRLR provided insufficient data for statistical analysis. Kanda *et al* ([@b11-etm-0-0-7596]) mentioned a prolactin expression that was highlighted in the keratinocytes of the basal and suprabasal layer in psoriasis plaque, but not in normal skin. Also, a slight mild positivity for PRLR has been observed in the sweat glands.

In conclusion, results of this study confirmed the essential role of TNF-α in the pathogenesis of psoriasis vulgaris. The increased presence of TNF-α in the skin was in direct correlation with histopathological changes and the lesion severity. No significant differences were found for VEGFR2 and PRLR. However, we are aware of the limitations in our study. We have presented the data obtained from samples collected from 19 patients. Calculations of sample size returned a minimum required sample size of 70 patients for acceptable levels of α-type and β-type errors. Therefore, collected data in this pilot study will continue to be completed up to the necessary patient count that allows statistical significance to be obtained.
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![Histopathological differences in the examined skin samples. (A) Perilesional skin: Slight acanthosis of keratinocytes, minimal hyperkeratosis. (B) Psoriatic plaque: Increased acanthosis with papillomatosis, elongated rete ridges, inflammatory infiltrate in superficial dermis, significant hyperkeratosis. Magnification, ×10.](etm-18-02-0888-g00){#f1-etm-0-0-7596}

![Distribution of TNF-α. (A) Positive in the basal layer keratinocytes in perilesional skin; and (B) positive presence in all layers, with a stronger expression at the base in plaque psoriasis. Magnification, ×40.](etm-18-02-0888-g01){#f2-etm-0-0-7596}

![Immunostaining for TNF-α. (A) Less intense in the perilesional skin; and (B) more intense in the psoriatic plaque. Magnification, ×400.](etm-18-02-0888-g02){#f3-etm-0-0-7596}

![TNF-α immunostaining in the cells (lymphocytes, endothelial cells) of the superficial dermis. (A) Perilesional skin; and (B) increased expression in psoriasis plaque. Magnification, ×400.](etm-18-02-0888-g03){#f4-etm-0-0-7596}

![Distribution of immunostaining score for TNF-α in the two types of examined specimens.](etm-18-02-0888-g04){#f5-etm-0-0-7596}

###### 

Demographic and clinical characteristics in psoriatic patients.

  Characteristics               Psoriatic patients (N=19)
  ----------------------------- ---------------------------
  Sex                           
    Male                          8
    Female                      11
  Age (years)                   44.78±16.97
  Onset (years)                 34.84±17.88
  Duration of disease (years)   9.94±7.16
  PASI                          20.22±8.12

Results are expressed as means ± standard deviation. PASI, Psoriasis Area Severity Index.

###### 

PASI correlation with differences between intensity scores for TNF-α in examined specimens.

                    Dif max   Dif average                                           Dif min                                                                    
  ----------------- --------- ----------------------------------------------------- --------- ------------------------------------------------------- -------- -----------------------------------------------------
  Overall PASI      0.225     0.335                                                 0.363     0.127                                                   0.225    0.335
  PASI \<15         0.902     0.014^[a](#tfn3-etm-0-0-7596){ref-type="table-fn"}^   0.983     \<0.001^[a](#tfn3-etm-0-0-7596){ref-type="table-fn"}^   0.902    0.014^[a](#tfn3-etm-0-0-7596){ref-type="table-fn"}^
  Female PASI       0.581     0.061                                                 0.543     0.085                                                   0.581    0.061
  Male PASI         −0.268    0.520                                                 −0.119    0.779                                                   −0.268   0.520
  Onset \>40 PASI   0.954     0.001^[a](#tfn3-etm-0-0-7596){ref-type="table-fn"}^   0.786     0.036^[a](#tfn3-etm-0-0-7596){ref-type="table-fn"}^     0.954    0.001^[a](#tfn3-etm-0-0-7596){ref-type="table-fn"}^

r, Spearman correlation coefficient

P\<0.05 statistically significant; PASI, Psoriasis Area Severity Index; TNF-α, tumor necrosis factor-α.

###### 

Correlation of calculated scores for TNF-α with age, age at onset and duration of disease.

                                Dif max   Dif average   Dif min                    
  ----------------------------- --------- ------------- --------- ------- -------- -------
  Age (years)                   −0.150    0.539         −0.088    0.720   −0.150   0.539
  Age at onset (years)          0.81      0.743         0.044     0.859   0.81     0.743
  Duration of disease (years)   0.114     0.743         −0.46     0.853   0.114    0.743

r, Spearman correlation coefficient; TNF-α, tumor necrosis factor-α.
